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STJNMARY 

The boattail pressures and base  pressures of two twin-jet after- 
body configurations were investigated at Mach number 1.91. The twin- 
Jet  afterbodies were designed as a simZple merging of two blunt-based 
conical  afterbodies wlth spacings of 1.4 and 1.7 jet diameters between 
the  jet  center lines. Both convergent and convergent-divergent exit 
nozzles were investigated through a range of jet pressure rat ios .  In 
addition, the  possibflity of wing a reflection  plane and a sFngle after- 
body t o  obtain  twin-Jet model data was investigated. 

-. The differences in the base pressures between the  twin-jet after- 
bodies and a s u r  symmetric single-jet af'terbcdy were gener- 
ally small  compazed with the  effects of other  base  variables, such as 
Jet  exit mgle. W A t h  the jet off,  the base pressures were lower for 
the twin-jet  afterbodies than f o r  the  single-jet afterbody. Also, the 
base  pressure of the model with 1.7 Jet spacing genera l ly  was lower than. 
that of the 1.4 model. With Jet flow, the relative base pressures of the 
twin-jet  afterbodies and the  single-Jet  afterbody depended on the type of 
Jet  exit nozzle, the nozzle  pressure  ratio, and the  jet  spacing. The 
results obt&Fned with the reflection  plane and half-body were not quan- 
t i ta t ively equivalent t o  those of the actual twfn-jet models. 

* 

The afterbody and base pressures of axFaUy symmetric blunt-based 
bodies a t  supersonic speeds can be predicted t o  an engineering  degree of 
accuracy by  method6 such as those of references 1 ahd 2. when a j e t  
exits from the blmt base, however, the  interference  effects of the exit- 
ing j e t  on the base pressure make the  predictions less reliable. Con- 
siderable data are being  obtained,  therefore, t o  determine the  jet  effects 
on the base  pressures of various afterbody types. . 



For the case of multiple-jet  aftprbody  configurations,  the problem . 
is further complicated by model  asyanrietry and mutual interference  effects 
of the multiple jets.  Reference 3 reports the results of tests of a 
five- jet afterbody at Mach 1.91. The' present  investigation is a prelim- 
inary evaluation of the relative  pressures on the base and boattail of 
siagle and multijet  afterbodies of c q a r a b l e  gemetry. Two twin-jet 
models designed as a simple ierging 0% two cwdcal afterbodies were in- 
vestigated at Mach 1.91. Both convergent and cmvergent-divergat exit 
nozzles were Fncluded. In adaitian,  the methad of uti l izing a reflec- 
tion  plane and a single =-body t o  S k t u l a t &  twin-jet models was 
investigated. 

* 

SYMBOLS 

The f oUwFng symbols. are used this  repoI-f;: 

cP pressure coefficient, Cp - po)/w 
D d-ter 

M Mach number 

P t o t a l  pressure 

P s ta t ic  pressure 

q dymux~c pressure, rw2/2 
s distance between twin-jet cent& lines 

X distance upstream measured f rd  base 

Y ra t io  of specific heats 

e angular coordhate used to  locate  static-pressure  orifices 
measured frm plane of twln-det Center lines as ehown in fig. 3 

Subscripts : 

av average 

b base 

e nozzle exit 

n nozzle 
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The  models investigated q l o y e d  a common nose and midsectian and 
two Fnterchangeable twin-jet  afterbodies with nozzle  spacing ratios 
s/D, of 1.4 and 1.7. These twin-jet  afterbodies, shown b figures I{b) 
and (e), were designed t o  sbmlate  the annexing of two single, blunt- 
based, conical  afterbodies  (fig. l(a) ) and to maintain the jet t o  base 
“ b e r   r a t i o  of 0.714 and the boattail  angle of 5.6O. However, the 
fairings of the twin-jet mdels upstream of the  boattail-break were 
arbitrari ly formed t o  adapt the twin- jet afterbodies to the camon mid 
and nose sections. Convergent-divergent  nozzle inserts (fig. 21, de- 
signed fo r  a  pressure r a t i o  of 10, were used i n  additian t o  the cmver- 
gent exit nozzles f o r  some of the tests. The afterbody model instrunen- 
tation consisted of base-pressure orifices  located as shown in figures 
l(b),  Jet  static  orlfices  positioned  inside  but  near a nozzle exit of 
each model excludfng the  mdels enq?loyhg the cmvergent-divergent noz- 
zle inserts f , and a as t r ibu t ian  of static  orifices along the boattail  
surface as shown i n  figure 3. In addition,  the cc~lpllon midsection was 
instrumented with a rak.e of total-pressure  tubes. M 

0 
al B 

The tes t s  were conducted in the Lewis 18- by 18-bch Mach rimer 
7 1.91 wind tunnel. Thoughout the experkcent, the test-section t o t a l  
3 t q e r a t u r e  was apprmimately 150° F, while the dewpojnt was mafntained 

I at -5O o r  less. The tunnel  test-section Reynolds number was 3.1OX1O6 
per foot. 

4 Figure 4(a) shows a photogragh of the 1.7 spacing rat io  model 
mounted b the  tunnel by means of a vertical  support s t rut .  Each twin- 
j e t  model was tested with the plane of nozzle  center  lines  both  parallel 
and perpendicular t o  the strut. High-pressure  unheated a i r  was ducted 
through the strut and into the models, permitting a variation of the  jet 
total-pressure ratio P(po f r o m  jet-off t o  approximately 15 f o r  the 
models with convergent nozzles arnd 30 for  the models with  canvergent- 
divergent  nozzles. The .tunnel s t a t i c  pressure po used in determining 
these ratios was an average of the measurements frcm two wall orifices 
corrected by an hcrease of 4 percent to the pressure at the center of 
the tunnel f m  a previous calibration. 

For the  reflection-plane  tests,  splitter  plates 6 hches wlde and 
extending froan the support strut t o  3 fnches beyond the base of t he  
nmdels were fitted to the  afterbodies Fn the  plane of synmetry perpen- 
diculas t o  the  pbne of the nozzle  center lines. The tests with spl i t ter-  
plate attachments were restricted t o  the case of the  plane of the nozzle 
center lines perpendicular t o  the support st rut .  The 1.4 s-cing ratio 
model and reflect inn plane are shown fn the photograph jn figure 4{b ) . 

I 
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Support-Strut  Interference 

NACA RM E55C01 

k order t o  deteMnine the order of magnitude of interference  effects 
due t o  the support strut,  the  twin-jet models were tested with the plme 
of the nozzle  center  lines  both  parallel and perpendfcular t o  the support 
strut. The effects of the model position on the .average base  pressure 
coefficient are shown i n  figure 5. In general, the base pressures were 
higher when the models were munted H t h  the  jet-axis  plese parallel t o  
the  support s t rut .  The differences h the average base  pressure  coeffl- ; 
cient due t o  model position varied with the type of jet exit nozzle wed 
and with the  jet  pressure r a t i o .  In sane cases the differences i n  the 
averae base pressure  coefficient due t o  model position may be as great 
as or  greater  than  those due t o  variations of the geometric parameters of 
the model. AU the data are present& f o r  both p o s i t h s  of the model 
relative  to  the support s t rut .  

cu 

Effect of Jet Spacing Ratio 

Twin-jet configurations with jet, spacing ratios s/% of 1.4 and 
1.7 were investi ated. The base presbtmes fl the  axially symmetric 
reference model fs& = 0) are 8;n average of two base orifices located 
90° apart, one of which was i n  line with the ~ ~ p p o r t  strut. The data 
for the axially symmetric  model  were obtained from a previous  unpublished 
investigatfan. The effects of jet spacing r a t i o  on the average base ). 

pressure  coefficient  (fig. 6) varied both  with  the  type of exit nozzles 
used and with the jet pressure  ratio. Although the effects of jet spac- 
Fng ratio i n  the low j e t  pressure  ratio range are not clear,  they appear 
t o  be small. A t  higher jet pressure ratios and with convergent exit noz- 
z l e s ,  the rate of increase of base pressure wLth j e t  pressure ratio was 
slightly  greater through the mafor part of the  jet  pressure rat io  range 
f o r  the twin-jet models than for the single-jet mdel. With convergent- 
divergent exit nozzles, the average base pressures at Jet  pressures be- 
yond the m3nImu.m base  pressure point were  much lower f o r  the 1.4 than 
for  the 1.7 spacing ra t io  model; and, except a t  the highest j e t  pressure 
ratios tested, the base pressures of the axially symmetric single-Jet 
model and the 1.7 spacing rat io  model were about equal. For all cases, 
the  jet-off base pressures were lower f o r  the  twin-jet models than f o r  
the single afterbody; and, in most caseel  increasfng  the jet spacing 
fram 1.4 t o  1.7 decreased the  jet-0-ff  base,pressure. 

6 

- .  - "  , . _&:.:;". . . - 

Effect of Jet Exit Angle 

The average  base pressure  coefficients are plotted a.B a function of 
the jet exit static-pressure  ratio 122 figure 7.  The figure shows a cam- 
parison of the twin-jet and single-jet data f o r  both the convergent and 
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convergent-divergent exit  nozzles. If the  effects of jet exit  Mach nm- 
ber are neglected, it can be concluded that the effect on the average 
base pressure  coefficient of increasbg the jet exit angle fram Oo to loo 
is of the same order of magnitude f o r  the twin- jet afterbodies as for 
the single-jet  afterbody. The effect of jet spacing r a t i o  was small 
compared with the  effect of a loo increase Fn the J e t  exit angle.  Fig- 
ure 7 also indicates that the average base pressure coefficients f o r  the 
1.7 je t  spacing model were higher thm those of the 1.4 model a t  jet 
static-pressure ratios greater  than 1.0. 'phis may result f r o m  the pos- 
sible  action of the je t  flow in enlargbg the region of separation al- 
ready believed t o  exist in the  valley between the tw3n jets just ahead 
of the base. 

LongitudFnal Boattail Pressure  Distribution 

The variations of the  pressure  coefficient with the nonaimensianal 
d.istance from the base x/% are presented Fn figure 8 f o r  values of 8 
of 90' and 180° and along the lane of symmetry n0ma.l. to the  pbne of 
jet center  Unes. For the SA = 1.7 model (figs. 8(a) and (b)), scme 
values at e of OO are &so presented. 

Figure 8 shows certain s idlar  characteristics in the  longitudinal 
pressure  distributions f o r  both twin-jet models. A t  the  plane of sym- 
metry, a large  pressure dmp  preceiiing that a t  the base is evident f o r  
both models for the  jet-off  case and at low jet  pressure ratios. T h i s  
presaure drop fs caused by the rapid  turning of the b e  contour at the 
plane of synmetry near the point of Fntersection of the t w i n  conical 
fairlngs . Hence, the pressure drop occurs much farther fram the, base 
for  the s/D, = 1.7 -1 than for  the 1.4 model. For the 1.7 rumkl, 
the flow separates at  the point of intersection of the twin conical - fairings. For an afterbody  with  a smaU base relative t o  the body size, 
such as that represented by the longitudfnal  cross  section at  the plane 
of symmetry, the  flow downstream of the separation point on the base is 
turned back t o  the  free-stream  direction and is accmpanied by the fa- 
miliar trailing shock wave6  and an increased s t a t i c  pressure in the wake. 
It is believed that the increase 3 n  pressure at  8 = Oo on the 1.7 model 
results  framthis  type of flaw phenmenon. A t  high j e t  pressure ratios, 
the influence of high base pressures oa the boattau was much greater at 
the plane of symmetry and a t  8 = Oo than a t  other values of 8, 88 
would be expected. 

A large effect of model position on the boattau  pressures is evi- 
dent. When the lane of nozzle  center l ines was parallel  to the support 
strut (figs. 8(bp and (a)), the general  effect was to Fncrease the pres- 
swes   a t  the plane of symetry, upstream of the pressure drop, to values 
higher  than  those at 6 = %lo; whereas, with the plane of nozzle  center 
Unes normal to the support strut (figs. 8(a) and ( c ) ) ~  the  pressures at  
the  plase of -try w e r e  lower than at  8 = 90°. 
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Circumferential  Pressure-  Dietributians 

Unfortunately, the strut interference.  effects on the  circMerential  
pressure  distributims are large,  ani.interprehtion of these data is 
therefore  difficult. However, sme gei3eral trends can be observed (based 
an their  occurrence) f o r  most cases. For the sf% = 1.4 madel (fig. 
9Ea) ), the lowest boattail pressures near the base generally occurred at 
the plane of symnetry for the conditicin where the avera base pressure 
waa low. For  high  average  base  pressures (fig. 9(a>, P x o  = 14.5), how- 
ever, the  pressures at the  plane of syimnetry near the base were h i  
than a t  other  circumferential  stations. -For the 1.7 model (fig. 9 
the lowest boattail  pressures near the base generally occurred  near 
0 = 45O rather than a t  8 = Oo. This m y  be due t o  the increase fn 
pressure a t  8 = Oo caused by separation a t  the  intersection of the 
twin fairinga, as  previously  discussed. 

The mtual interference of the  closely s m e a  € w i n  j e t s  m l g h t  be 
expected t o  cause a  deflection of the je t s  and also have an effect on 
the base pressure.  Figure 10 shows a schlieren photograph of the 
a/% = 1.4 model with convergent nozzlea at a pressure  ratio P/w of 
14.9. No difference in  the initial expamian  angle of the exiting  jete 
could be measured at 8 P 0' and 180 . for this case. Although some 
distortion of the  jets is evident farther downstream of the exit, this 
should have 1Lttle  or no effect on the base pressure. 

The twin-jet models W e r e  not  provided with suff ic ient   inst rmata-  
thn t o  determine total afterbody drag coefficients. Therefore, no 
comparisons of the  relatLve drags of the twln-jet and single-jet  after- 
bodies c8.n  be  made. 

Effect of Reflectim Plane 

The effects on the average  base p+essl;Sre coefficient of a reflec- 
tion plme  located a t  the  plane of synnhetry  between the twin je t s  are 
shown fn figure U.. With the  reflectLon  plane In place,  the average 
base pressures were in general higher than  those of the  actual  twin-jet 
model. The interference  effects were greater than expected on the  basis 
of the  results of reference 1, i n  which a reflection plane and half-body 
were used t o  simulate ag axially symetric  afterbody. In reference 1, 
however, no support strut was used ahead of the  reflection plane, end, 
also, the reflection plane was sanewhat smaller r e h t i v e  t o  the model 
size. 
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. SUMMBRY  OF RESUETS 
I 

* The pertinent  results of the experimental investigation of two twln- 
je t  afterbcdy  configurations at a Mach nzrmber of 1.91 can be smmarized 
as follows: -.. 1 

A '  

exit nozzle used and with the j&- pressure ratio  but were, in general, 
s m L L  c q a r e d  with  the effects of other base variables such as je t   exi t  

1. The effects of jet spacing ratio  varied both with  the  type of 

=&.e 

2. With the j e t  off, the average  base pressures were lower f o r  the 
twln-jet afterbodies than far a s b u i l a r  axially -symmetric single-jet 
afterbody. With the jet a the  relative base pressure depended on the 
type of exi t  nozzle  used and the jet spachg ra t io .  

I. (?i# 

3.' The base pressures measured with a  reflecticm  plane  installed 
at the  plane o f  synrmetry t o  simulate twin jets  with a single half-body 
were generally higher than those of the  actual --jet models. 

Lewis Flight Propulsion  Laboratory 
I National AdviBory  CcPmnittee for Aeronautics 

Cleveland, O h i o ,  Mas& 3, 1955 
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I 

Figure 2. - Convergent-divergent nozzle insert (dimensions in inches) 
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(a) Jet  spaaing ratio,  1.48 plane of nozzle center l ine8 normal t o  support strut. 
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Figure 8 .  - Continued. Longitudinal boattail premaure diatr ibut lons  for twin-jet modsls. 
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